Abstract: The possibility of manufacturing rubberwood and kenaf (Hibiscus cannabinus L.) stem medium density fibreboard (MDF) panels at different pressure and resin content were investigated. The effect of mechanisms of interacted independent variables (resin content and pressure) on MDF properties was analyzed. The board performance was evaluated by measuring internal bond (IB) strength, modulus of rupture (MOR), modulus of elasticity (MOE), water absorption (WA) and thickness swell (TS). The test results were statistically analyzed by using response surface method (RSM) to determine the significant independent variables that influenced MDF properties. A mathematical simulation or response surface models were developed to predict the MDF properties (MOR, MOE, IB, WA and TS). The obtained results showed that MDF density and all interactions between the experimental variables were significant factors that influenced the mechanical properties of MDF. At 8 bar and 14 % resin content, the MDF recorded WA of 83.12 % and TS of 20.2 %. It can be inferred that two parameters (resin content and pressure) had positive effect on physical and mechanical properties of MDF. We concluded that resin content show more significant effects on MDF manufacturing as compared to pressure parameters.
Introduction
Due to environmental consciousness, supply from forest resources decreasing and cost of raw materials increasing. Non-wood fibres considered as one of alternative materials for the wood based composite industry in providing the balance between supply and demand [1] . Medium-density fibreboard (MDF) is a composite material comprising of refined wood fibres, adhesive (resin), process additives, and a minor amount of wax. The strength of MDF depends on its fibres and on the adhesive bonds between them [2] . MDF is manufactured by reconstituting fibers through a flexible and wide range of manufacturing conditions. Lignocellulosic fibres such as Kenaf (Hibiscus cannabinus L.), could be potential raw material for the manufacture of MDF [3] . Kenaf (Hibiscus cannabinus L.), is an herbaceous annual plant that can be grown under a wide range of weather condition. Recently kenaf fibres have been used in pulp and paper industry [4] , particleboard [3] , fibreboard [5] and polymer composite [6] . Researchers have reported that the properties of kenaf fibre influenced the performance of MDF panels [1] . Refining process is an important parameter for MDF production by affecting fibre properties [7] . Thermo-mechanical pulping (TMP) process is commonly used to refine fibres by application of pressure and temperature in MDF industry. In typical TMP process, refining pressure and time are the two main manufacturing parameters which have obvious effects on final MDF panel properties [8] .
Roffael et al. [9] suggested that refining pressure had a dominant affect on overall board properties in an exception of their water absorption property. However, refining time had no effect on fibre and most of the MDF properties. Labosky et al. [10] reported that an increase in refining pressure did not significantly affect MDF strength or dimensional stability properties. Krug and Kehr [8] suggested that increasing the steam pressure resulted in shorter fiber lengths, lower strength, and elastic properties but improved long-term swelling properties. Roffael et al. [9] found that high pulping temperature resulted in lower thickness swelling (TS) and water absorption (WA) of MDF panels. The results from Xing et al. [1] indicated that both modulus of elasticity (MOE) and modulus of rupture (MOR) could be improved when refining steam pressure increases. Groom et al. [11] studied the effects of varying refining pressure on the properties of refined fibers and found that steam pressure caused some changes in the chemical composition of refined fibers. The behaviors of different raw materials based on chemical components with high-pressure steam could be very different. The different results generated by different researcher are mainly due to the different raw materials [12] and chemical component used [13] . The difference in fiber characteristics generated by different refining plate patterns and specific energy may be another reason for the different results from different researcher [14] .
Response surface methodology (RSM) is a tool for considerate the quantitative relationship between multiple input variables and one or more response variables. Scientists in several research fields and industries in a wide variety of situations have employed these methods with extensive success [15, 16] . Wood scientists have also used RSM for the optimization of various variable in composite material [17] [18] [19] and MDF manufacturing parameters such as resin content [20] , board density, pressing time and pressing temperature [21] . As mention above, the importance of refining pressure on overall board properties is well documented.
The study of potential usage of kenaf as partial or whole raw material for MDF and the effects of thermo-mechanical refining conditions on MDF panel properties are still not explored well. Previous work from our lab reported the effect of low pressure levels of 3, 5 and 7 bar at two heating times (3 and 5 min) on MDF manufacturing [9] . Results display significant effect of different pressure but no significant effect of refining time on board properties because of that present study we considered high pressure (6 and 8 bar) and resin content as manufacturing parameters. Present work deals about optimization of processing variables in kenafrubber composite panel manufacturing technology. Therefore, MDF board manufacturing parameters such as pressure and resin content will be optimized for achieving high quality MDF panel through the numerical parameter optimization.
Experimental

Materials
The rubber wood (RW) stem chips obtained from Institute of Tropical Forestry and Forest Products (INTROP) Laboratory, and kenaf (H. cannabinus L.) stem obtained from National Kenaf and Tobacco Board plantation located in Kelantan, Malaysia that was harvested at 5 months old. After two weeks air-drying at room temperature, Kenaf stem were chipped using a drum chipper. The kenaf and RW chips were refined using Thermo-Mechanical Pulping (TMP) refiner at MDF pilot plant located in UKM field station at Malaysian Palm Oil Board (MPOB), Selangor, Malaysia. The Sprout-Bauer (ANDRITZ) TMP refiner is equipped with a 300 mm diameter refiner plate, plate gap 0.36 mm, running at variable speeds with around 4000 rpm. After refining, the fibre was discharged through the blow-line and dried by a flash tube dryer. No wax or resin was injected during refining. The target moisture content of the refined fibers, after tube drying, was about 20 %. The kenaf and RW chips were refined at tow digestion pressures; 6 and 8 bars for 4 min heating time. Fibres were then dried in the oven to achieve the moisture content (MC) of 4-5 %.
Experimental Design
RSM was used in this study to determine the significant variables that influenced board performance. The effect of two independent variables by a small scale laboratory vacuum evaporation, x 1 (pressure) and x 2 (resin content), on response variables IB strength, MOR, MOE, WA, and TS were evaluated by using the RSM. A central composite design (CCD) was employed: (1) to study the main effect of parameters, (2) to create models between the variables, and (3) to determine the effect of these variables to optimize the variables that influenced board performance. Therefore, 18 experiments were designed based on the second-order CCD with two independent. Independent variable ranges studied were: pressure (6-8 bar), and resin content (10-12-14 %).
Experiments were chosen at random in order to minimize the effects of unexplained variability in the actual responses due to external factors. Table 1 shows the arrangement of experiments based on standard order.
MDF Board Manufacturing
The panel characteristics and constant parameters for making MDF panels are presented in Table 2 . The refined fibers were dried up to 4 % moisture content in an oven before resin blending. An amount (0.1 % based on resin solid) of solid ammonium chloride (NH 4 Cl) and water were mixed into the conventional urea-formaldehyde adhesive (WC-10) with 65 % solid content. The diluted glue was sprayed onto fibres with consistent parameters using mechanical rotary drum blender with an internal spray nozzle. The adhesive levels were set at 10 %, 12 %, and 14 %, expressed as a percentage of adhesive solid weight based on the ovendried fibre weight. Then, three portions RW/Kenaf (K) (0/ 100, 50/50, 100/0) of the resinated fibers were manually formed into mats using a wooden frame. All the MDF mats were pressed under the hot-pressing parameters at 180 o C for 5 min.
Characterization
Industrial Standard (JIS A 5905:2003). Modifications were made to the size of the test specimen due to the small board size. The MDF properties determined were MOE, MOR, IB The internal bond strength was determined by testing tensile strength perpendicular to surface. The soaking test was employed to obtain TS data by measuring the thickness of the sample before and after immersion in distilled water. The WA of the sample were determined by measuring the weight of the sample before and after immersed in distilled water at room temperature for 2, 12 and 24 h.
Vertical density profiles of each IB specimen before sanding and gluing were measured with GreCon laboratory Raw Density Profile Measuring System DA-X. The procedures of the tests are detailed in the JIS Standard (A 5905).
Data Analysis and Statistical Methods
There are four major steps in the application of RSM. Firstly is Experimental set up, secondly, Experimental design, thirdly, Statistical analysis, and last one, is Model Selection. For the experimental set-up stage, the experimental factor and factor level were chosen. There are three main analytical steps: analysis of variance (ANOVA), a regression analysis and plotting of the response surface. The first task in analysing the response surface is to estimate the parameters of the model by least square regression and to obtain information about the fit in the form of ANOVA. Particular importance's are values for the Fischer variance ratio (Fratio) and the coefficient of determination (R 2 ). The F-ratio provides information on how well the factors describe the statistical variation in the data from its mean. The R-squared evaluates the suitability of the model in representing the real relationship among the factors studied. A value of 0.75 implies the model is adequate for representing the relationship among the factors while a value of >0.90 indicates the model describe the real situation well. The significance of the coefficients with P-values of <0.05 is generally considered highly significant and therefore included in the mathematical model. The model is often a linear, quadratic or cubic order polynomial function and when fitted to a set of sample data, characterizes the relationship between the responses and the factors.
In general, the second-order model will likely be required in these situations. For the case of two variables, the secondorder model is:
This model would likely be useful as an approximation to the true response surface in a relatively small region. The second-order model is very flexible. It can take on a wide variety of functional forms, so it will often work well as an approximation to the true response surface. It is also easy to estimate the parameters (the α's) in the second-order model. The method of least squares model can be used for this purpose. In addition, there is considerable practical experience indicating that second-order models work well in solving real response surface problems. Models that represent the data well can then be used to generate response surface. They are three dimensional diagrams with the responses plotted on the y-axis and the x 1 and x 2 axes each representing different factors in different permutations.
As panel density has a considerable effect on the properties of composites [20] the actual test values of the specimens were adjusted to eliminate the impact of specimen density variation on panel properties. The adjustment was done according to the following equations [20] :
Adjusted (IB, MOR, MOE) = (test value × nominal density)/ specimen density Adjusted (TS, WA) = (test value × specimen density)/ nominal density
The adjusted values were used for the analysis of variance (ANOVA), regression coefficients of factors and response surface of response property with independent variables.
Results and Discussion
Analysis of Variance and Regression Coefficients of Factors
According to the experimental design with two independent variables (pressure and resin content), RSM design yielded a total of 18 runs in a random order. The adjusted test results are presented in Table 3 . ANOVA of response surface was made for WA, TS, MOR, MOE and IB properties and the results are presented in Tables 4-8 . The ANOVA analysis showed that the significant quadric models were obtained for all panel properties indicating by P values less than 0.001.
Relationship between Response and Independent Variables
The relationship between the dependent and independent variables can be further elucidated using a response surface with contour plots. The effects of A and B on IB, MOR, MOE, WA and TS are shown in Figures 1, 2, 3, 4 and 5.
In the this work, multiple regression analyses were carried out using response surface analysis (1) to fit mathematical models to the experimental data aiming at an optimal region for the response variables studied and (2) to define the relationship between two independent variables and the criteria of five response variables as presented in Table 4 -8. The response surface analysis allowed the development of an empirical relationship where each response variables (WA, TS, MOR, MOE and IB) was assessed as a pressure (A) and resin content (B) and predicted as the sum of constant (α 0 ), two first-order effects (linear terms in A, and B, one interaction effects (interactive terms in AB) and second-order effects (quadratic terms in A 2 and B
2
). The obtained results were analysed by ANOVA to assess the ''goodness of fit''. Only terms found statistically significant (p<0.05) were included in the reduced model. As shown in equations, the obtained models for predicting the response variables explained the main quadratic and interaction effects of factors affecting the response variables. The estimated regression coefficients of the polynomial response surface models along with the corresponding R 2 values and lack of fit tests are given in Tables 4-8. The significance of each term was determined using the F-ratio and p-value as presented in Table 4 -8.
The first pressure (A) was very significant for IB, MOR, and MOE and significant for TS and WA. For second order factors, B was very significant for all responses including IB, MOR MOE, WA and TS. This observation agreed to the findings by Labosky [10] who observed that increase in resin content of the boards from 6 to 12 percent resulted in a 174 percent increase in internal bond strength, a 68 percent increase in the modulus of rupture, and a 40 percent increase in the modulus of elasticity whereas thickness swelling and water absorption properties decreased by 113 and 60 percent. Saad et al. [22] developed low density particleboard using kenaf with three resin levels; 8, 10 and 12 %, and three different densities; 350, 450 and 550 kg/m 3 . They found that samples bonded with high resin content resulted in high values of MOR, MPE, IB and screw withdrawal but low in a WA and TS [22] . In this study low density board resulted low mechanical strength as compared with higher density, but only board at 550 kg/m 3 had fulfilled the standard requirement which are suitable for interior fitment and general purpose in dry condition [22] .
Kalaycioglu and Nemli [23] studied the usage of kenaf stalks as raw materials for particleboard manufacturing. They evaluated effects of press temperature, time, pressure, density and shelling ratio in which all the parameters were affective on the physical and mechanical properties with the exception pressure, significantly. Xu et al. [24] reported that bending strength and IB were improved with increased steam pressure from 0.6 to 1.0 MPa in binderless particleboards developed from kenaf core using the steam-injection pressing. Xu et al. [24] founded that kenaf core binderless fibreboards manufactured with high digestion pressure (0.8 MPa) and long heating time during refining process had high IB strength, low TS, but low bending strength value. Another study by Walther et al. [25] indicated that kenaf fibreboards have good mechanical properties compared with the MDF made from wood fibres, and showed increased decay and termite resistance. The bending strength of MDF from kenaf, oil palm EFB, and from a mixtures of EFB and kenaf in different ratios reported by Jamaluddin et al. [26] . The results indicated that kenaf and EFB could be mixed to produce MDF. Production of composite material from these diversified resources help to reduce the pressure on natural forests.
In this study all the interactions between pressure and resin content were significant. The regression coefficients for variables were positive on all mechanical properties. For TS and WA, if the coefficient of a factor is negative, the actual effect of the factor will be positive, as lower values of TS and WA translate into improved dimensional stability. Thus, the effect of pressure and lignin content was positive on TS and WA.
Conclusion
Response surface methodology was used to establish the optimum process variables (resin content, and pressure) for effect on board properties. By using response surface and contour plots, the optimum set of operating variables can be obtained graphically, in order to achieve the desired board properties. Therefore, it was recommended that the board properties increased when the resin content and pressure increased. It can be inferred that any parameters, individually, had positive effect on increase of board properties and resin content parameters display more significant effect as compared to pressure parameter on MDF.
